Background Non-invasive diagnosis and risk stratification of coronary artery disease are important for the selection and optimization of therapeutic interventions in diabetic patients, which may improve survival. The aim of this study was to determine the incremental value of contrast-enhanced dobutamine stress echocardiography (CE-DSE) for risk stratification. Methods and Results CE-DSE was performed in 326 patients with diabetes mellitus (mean age; 66±10 years, 223 men). All patients were followed up for a mean of 29 months (1-61 months). Dobutamine was infused in a standard protocol with an intravenous contrast agent. The primary endpoints for hard cardiac events included cardiac death and nonfatal myocardial infarction. The primary endpoints for total cardiac events included hard cardiac events, unstable angina pectoris, congestive heart failure, and late coronary revascularization (>3 months). Cardiac events occurred in 74 patients. The addition of the CE-DSE results, including abnormal left ventricular end-systolic volume response and left ventricular ejection fraction at peak stress <50%, to the clinical and rest echocardiography model provided incremental information in predicting total cardiac events (increase in chisquare value for the model from 17 to 24, p<0.05) and hard cardiac events (increase in chi-square value for the model from 18 to 24, p<0.05). Conclusions Quantitative assessment of left ventricular function during CE-DSE provides incremental prognostic information in predicting cardiac events in diabetic patients. (Circ J 2006; 70: 868 -874) 
iabetes is a major risk factor for development of coronary artery disease (CAD), which has a high incidence of mortality. [1] [2] [3] [4] Identification of diabetic patients at high risk of death or myocardial infarction (MI) is an essential step in planning an appropriate management strategy. Exercise stress testing is the most widely available method for the evaluation of CAD, [5] [6] [7] but exercise capacity is often impaired in diabetic patients, as a result of peripheral vascular disease and neuropathy. [5] [6] [7] [8] Dobutamine stress echocardiography (DSE) has been established as a safe and feasible method for the diagnosis of CAD [9] [10] [11] and the prediction of cardiac events in patients with suspected CAD. [12] [13] [14] [15] [16] However, few findings have been obtained regarding the incremental value of DSE in the risk stratification of diabetic patients. 5, 17 The use of intravenous ultrasound contrast agents during stress echocardiography has been shown to improve diagnostic accuracy in the detection of CAD, 18 as well as its prognostic value. 19 However, no outcome data have been obtained to support the role of contrast-enhanced (CE) DSE in the prediction of cardiac mortality and morbidity in the diabetic population. Thus, the aim of this study was to examine the incremental value of CE-DSE in the prediction of cardiac events in diabetic patients.
Methods

Patient Population
The study cohort consisted of 326 consecutive diabetic patients (25-94 years, mean age: 66 years, 223 men) who had undergone CE-DSE in Tane General Hospital between January 2000 and September 2002. All had type 2 diabetes. The clinical indication for DSE was determination of the presence or severity of myocardial ischemia. Cardiovascular risk factors and clinical status were recorded at the time of DSE. A total of 121 patients had a previous history of MI. Medication was not withheld before DSE. Eighty patients were being treated with -adrenergic blockers, 146 with nitrates, 129 with calcium-channel antagonists, 101 with angiotensin-converting enzyme inhibitors, 23 with angiotensin-receptor blockers, 5 with nicorandil, 18 with digitalis, and 43 with diuretics. Informed consent was given by all patients. Hypertension was defined as ≥140 mmHg systolic and/or ≥90 mmHg diastolic blood pressure on more than one measurement, and/or treatment with antihypertensive medication. Diabetes mellitus was diagnosed as a fasting glucose level of >126 mg/dl and/or continuous hypoglycemic treatment. Dyslipidemia was defined as fasting total cholesterol ≥220 mg/dl, low density lipoprotein cholesterol ≥150 mg/dl, high density lipoprotein cholesterol <40 mg/dl, and/or treatment with lipid-lowering drugs.
D
CE-DSE
Our protocol of CE-DSE is described elsewhere. [19] [20] [21] [22] Briefly, parasternal long-and short-axis views of the left ventricle (LV) were digitally acquired at baseline. After obtaining the apical 4-chamber view, 2 ml of the intravenous contrast agent (Levovist, Schering AG, Germany; 300 mg/ml) was injected, and CE images were digitally acquired in the apical 4-and 2-chamber views. Dobutamine infusion was started at 5 g·kg -1 ·min -1 , and increased in 3-min stages up to 40 g·kg -1 ·min -1 . Atropine (≤1 mg) was given when required. The same procedure was repeated during 10 and 20 g·kg -1 ·min -1 dobutamine infusions and at peak stress to create the quad-screen display. Heart rate and blood pressure were recorded at the end of each stage. Criteria for test termination included (1) attainment of >85% of age-predicted maximal heart rate, (2) completion of the stress protocol, and (3) development of obvious wall motion abnormalities. Other reasons for terminating the test were (1) arrhythmias such as ventricular tachycardia or sustained supraventricular tachyarrhythmia and (2) intolerable symptoms.
Echocardiographic Analysis
A quad-screen format display was created by digitizing the 4 standard imaging planes (non-CE parasternal longand short-axis views and CE apical 4-and 2-chamber views) at baseline, during low-dose (10 g·kg -1 ·min -1 ) and intermediate dose (20 g· kg -1 ·min -1 ) dobutamine infusions, as well as peak stress. The 4 standard views were also recorded on videotape at the end of each stage. One experienced investigator (M.T.), who was unaware of patient clinical data, performed side-by-side comparison of wall motion assessments for each of the 16 segments of the LV, and scored regional wall motion from 0= hyperkinesis, 1= normal to 4= dyskinesis. The wall motion score index (WMSI) was obtained by dividing the sum of individual segment scores by the number of interpretable segments.
The result of the test was considered positive for ischemia if stress induced an increase in the wall motion score in one or more segments, with the exception of a change from akinesis to dyskinesis. Wall motion abnormalities that remained unchanged with stress were classified as fixed wall motion abnormalities. Left ventricular end-diastolic volume and end-systolic volume (LVESV) at baseline and peak stress were measured using the modified biplane Simpson's method by one cardiologist (R.W.), and the left ventricular ejection fraction (LVEF) was calculated. The change in LVESV from baseline to peak stress was recorded as normal (decrease in LVESV:LVESV at peak stress -LVESV at baseline <0) or abnormal (increase in LVESV or absence of decrease: LVESV at peak stress -LVESV at baseline ≥0) according to previously established criteria. 12 
Follow-up
Outcome was determined by patient interview at the outpatient clinic, hospital chart review, and telephone interviews with the patient, close relatives, or referring physician. Endpoints for hard cardiac events included cardiac death and nonfatal MI, whereas total cardiac events included hard cardiac events, congestive heart failure, unstable angina pectoris, and late coronary revascularization. Death was considered cardiac in cases of documented significant arrhythmia and/or cardiac arrest, congestive heart failure, or MI. MI was verified by hospital records using the standard criteria of history, electrocardiography, and cardiac enzyme levels. Because the results of testing would affect the subsequent strategy for coronary revascularization, patients who underwent revascularization within 3 months after CE-DSE were censored, and excluded for the analysis.
Statistical Analysis
Categorical data are reported as percentages and continuous data as the mean ± SD. Patient groups were compared by Students' t-test for continuous variables and the chisquare test for categorical variables. Values of p<0.05 were considered significant. Cumulative probability of freedom from cardiac events was calculated by the Kaplan-Meier method and compared between groups by the log-rank test. A Cox model was used to compare the strength of associations of cardiac events with several other common clinical variables. In this multivariate analysis, the predictive value of CE-DSE was considered in combination with age, sex, hypertension, tobacco usage, dyslipidemia, previous MI, family history of CAD, diagnosis of CE-DSE, WMSI, change in LVESV, and LVEF on echocardiography. The least significant variables were removed from the model in a backward stepwise manner until only the significant variables remained as independent predictors of cardiac events. To assess the incremental value of CE-DSE data, we calculated the differences in the model likelihood ratio chi-square statistic from that for the overall model with and without CE-DSE variables.
Results
Clinical findings and CE-DSE results in the overall population are shown by outcome in Tables 1 and 2 . No major complication occurred during CE-DSE. Atropine was given to 203 patients (62%). Heart rate increased from 70±12 to 132±17 beats/min (p<0.001), and systolic blood pressure from 135±21 to 156±35 mmHg (p<0.001). The mean value of peak heart rate was 86±11% of the age-predicted maximum heart rate. One hundred fourteen patients did not reach >85% of age-predicted maximal heart rate and of them 54 patients had to cease CE-DSE because of obvious new or worsened wall motion abnormalities. Of the other 60 patients (18%), 43 ceased the test because of administration of the maximal dose of atropine during 40 g·kg -1 ·min -1 dobutamine infusion, 1 had severe chest pain, and 16 for other reasons. Compared with patients who achieved the target heart rate or had obvious wall motion abnormality, a greater percentage of patients with submaximal stress tests were taking -blockers (25% vs 38%, p<0.001). Abnormal CE-DSE results (ischemia or fixed wall motion abnormality) were obtained for 158 patients (48%).
Outcomes
During a mean of 29 months (range 1-61 months) of follow-up, a total of 74 cardiac events occurred, including 11 hard cardiac events (10 cardiac deaths, 1 nonfatal MI), 17 cases of unstable angina, 19 of congestive heart failure, and 27 late coronary revascularization procedures (>3 months from the index CE-DSE). In addition, 23 (7%) patients underwent early coronary revascularization (coronary angioplasty in 15 patients, coronary bypass grafting in 8 patients) within 3 months of the index CE-DSE, and were censored.
Cox Univariate and Multivariate Analyses
Univariate predictors of cardiac events are summarized in Table 3 . For total cardiac events, history of MI, positive CE-DSE result, LVEF at rest <50%, an abnormal LVESV response to stress, WMSI at rest >1.5, and WMSI at peak stress >1.5 were selected as significant predictors by univariate analysis. In a stepwise multivariable model in which all univariate predictors of outcome were considered, the most powerful independent prognostic indicator for total cardiac events was an abnormal LVESV response (Hazard ratio: 2.52, p<0.05). For hard cardiac events, univariate analysis showed LVEF at rest <50%, WMSI at rest >1.5, LVEF at peak stress <50% and WMSI at peak stress >1.5 to be significant predictors. In a stepwise multivariable model in which all univariate predictors of outcome were considered in hard cardiac events, the most powerful independent prognostic indicator of hard cardiac events was LVEF at peak stress <50% (Hazard ratio: 8.92, p<0.0005) ( Table 4) .
Survival Rate
Positive CE-DSE results for multivessel disease were associated with the lowest event-free survival rate for total cardiac events (negative: 85.3%, single-vessel disease: 68.2%, multivessel disease: 55.6% at 3 years, p<0.0001, Fig 1A) . However, event-free survival rate for hard cardiac events did not differ significantly among the 3 groups (Fig 1B) .
For total cardiac events, event-free survival was significantly lower in diabetic patients with an abnormal LVESV response than in those with a normal LVESV response at . Positive results of CE-DSE in cases of multivessel disease were associated with the lowest event-free survival for total cardiac events. MVD, multivessel disease; SVD, single-vessel disease. Effect of the left ventricular end-systolic volume (LVESV) response during CE-DSE on event-free survival for total cardiac events (C) and hard cardiac events (D). An increase or lack of decrease in LVESV during dobutamine infusion was associated with an increase in total cardiac events. Effect of left ventricular ejection fraction (LVEF) at peak stress during CE-DSE on event-free survival for total cardiac events (E) and hard cardiac events (F). LVEF at peak stress <50% was associated with increase in cardiac events.
3 years (58.4% vs 78.3%, p<0.005) (Fig 1C) . However, the event-free survival rate for hard cardiac events did not differ significantly between the diabetic patients with abnormal and those with normal LVESV responses (Fig 1D) . Event-free survival rate was significantly lower for patients with LVEF at peak stress <50% than for those with LVEF at peak stress ≥50% (total cardiac events: abnormal 60.3%, normal 77.3% at 3 years, p<0.05, Fig 1E; Hard cardiac events: abnormal 81.7%, normal 92.6% at 3 years, p< 0.0001, Fig 1F) . Fig 2 illustrates the incremental value of CE-DSE in predicting cardiac events. Clinical factors included male sex, previous MI, history of chronic heart failure, age >70 years, hypertension, smoking, dyslipidemia, and family history of CAD. The factors for baseline echocardiography consisted of LVEF at rest <50% and WMSI at rest >1.5. Because an abnormal LVESV response was selected as a significant predictor for total cardiac events, and LVEF at peak stress <50% and WMSI at peak stress >1.5 were selected as significant predictors for hard cardiac events by a stepwise model, abnormal CE-DSE results were considered to be abnormal LVESV response and a positive result on CE-DSE for total cardiac events and LVEF at peak stress <50% and WMSI at peak stress >1.5 for hard cardiac events. The addition of CE-DSE abnormalities to the clinical and rest echocardiography model provided incremental information in predicting total cardiac events (increase in chi-square value for the model: from 17 to 24, p<0.05) and hard cardiac events (increase in chi-square value for the model: from 18 to 24, p<0.05) (Fig 2) . The number of patients who showed submaximal stress results with a normal wall motion response was 60 (18%). If we compared these 60 patients with the 108 patients who achieved target heart rate with normal wall motion response, no significant difference of event-free rate was noted between the 2 groups.
Incremental Value of CE-DSE
Discussion
This study evaluated the usefulness of CE-DSE in the prediction of cardiac causes of mortality and morbidity in diabetic patients with known or suspected CAD. The independent predictor of total cardiac events was an abnormal LVESV response, and the independent predictor of hard cardiac events was LVEF at peak stress <50%. These findings suggest that extent of LV dysfunction at peak stress in diabetic patients is the most important independent predictor of cardiac events from the results of CE-DSE.
Although DSE is an established method for diagnosing CAD 11 and for risk stratification and determination of prognosis, [11] [12] [13] [14] [15] [16] [23] [24] [25] [26] [27] its accuracy may be limited by suboptimal endocardial border delineation, which is observed in 10-30% of unselected patients undergoing stress echocardiography. 18, [27] [28] [29] Harmonic imaging and intravenous injection of contrast agents have been shown to improve endocardial border delineation, and have enhanced the diagnostic accuracy of DSE. 18, 27 In this study, we examined the prognostic value of CE-DSE in a particular patient population (ie, diabetic patients at high risk of CAD). In addition to the results as binary criteria (positive and negative), we assessed the prognostic value of additional test variables, including WMSI, change in LVESV, and LVEF. For patients with established CAD, rest LV systolic dysfunction has been found to be a predictor of prognosis. 30 Elhendy et al assessed the value of exercise echocardiography in the prediction of cardiac events in 563 diabetic patients, and found that the extent of both resting LV dysfunction and myocardial ischemia was predictive of cardiac events incremental to clinical data. 5 Although exercise stress testing is the most physiological stress for induction of myocardial ischemia and provides other useful hemodynamic data, many diabetic patients cannot perform adequate levels of exercise, making CE-DSE a useful alternative for patients with limited exercise capacity.
Among the various dobutamine stress echo variables, an abnormal LVESV response was an independent predictor of total cardiac events. Previous studies have found that an abnormal LVESV response during stress echocardiography is associated with severe CAD [31] [32] [33] and worse prognosis. 12 It is likely that patients with more extensive ischemia induced by dobutamine exhibit an abnormal LVESV response, and thus it is a more important prognostic finding than the binary DSE criteria (positivity on DSE). We demonstrated that an abnormal LVESV response during CE-DSE in diabetic patients provides prognostic information regarding cardiac events.
It is interesting to note that a positive CE-DSE result did not predict hard cardiac events in this study. The most powerful independent prognostic indicator of hard cardiac events was LVEF at peak stress <50%. Although a relatively small number of hard cardiac events made it difficult to conclude a meaningful reason, a negative result for CE-DSE does not guarantee the exclusion of future hard events, because the majority of acute coronary events develop from clinically silent coronary lesions. LVEF at peak stress <50% might be a composite of resting LV function, contractile reserve and inducible ischemia. These findings demonstrate the importance of resting LV function and the level of severity of myocardial ischemia in predicting hard cardiac events in diabetic patients. We also demonstrated that abnormal CE-DSE results, including binary criteria, abnormal LVESV response and LVEF at peak stress <50%, were incremental to clinical and rest echocardiographic variables for predicting adverse long-term outcomes. Our findings again reinforce that in addition to binary criteria, quantitative assessment of LV function during CE-DSE has a pivotal role in accurate prediction of future cardiac events in diabetic population.
There were 60 patients (18%) who showed submaximal stress results during dobutamine -atropine stress echocardiography in this study. When we compared these 60 patients with the submaximal stress results of 108 patients who achieved the target heart rate with negative ischemia, no significant differences in total and hard cardiac events were noted. These results suggest that with the high dose of dobutamine -atropine stress echocardiography, a submaximal stress result has an equivalent prognostic accuracy when compared with those who achieve the target heart rate with negative stress results.
Study Limitations
We used a contrast agent for both resting and stress echocardiography of all patients. Thus, we could not determine the incremental value of the addition of a contrast agent over harmonic imaging for predicting future cardiac events. CE images were only acquired in the apical 4-and 2-chamber views, because Levovist is readily destroyed by the ultrasound, and its injection before acquiring parasternal views would produce insufficient LV opacification when acquiring apical views, thus resulting in the underestimation of stress-induced myocardial ischemia, especially in the apex. Medication was not discontinued before CE-DSE, so we cannot rule out that it would adversely affect the prognostic value of CE-DSE. The frequency of hard cardiac events appears to be lower in the present study than in previous similar evaluations in Caucasian patients. 17 A possible explanation for this difference is an ethnic factor, because the present study involved only Japanese patients. A recent study showed the prognostic value of myocardial CE echocardiography (MCE) during DSE. 34 In the future, it would be desirable to compare the prognostic value of MCE and LV opacification during DSE.
